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MOON SOIL INVESTIGATION CONTRACT NAS1-5434 
PURPOSE OF THE INVESTIGATION 
The purpose of t h e  i n v e s t i g a t i o n  w a s  t o  determine t h e  
pumping load and time required i f  m o i s t  s o i l  i s  introduced 
i n t o  a vacuum chamber, and t h e  va lue  of predrying t h e  s o i l  
before in t roduc t ion  i n t o  the  chamber. 
DESCRIPTION OF TEST EQUIPMENT 
The vacuum system used t o  perform t h e s e  experiments i s  
shown i n  Fig. 1. It consists of a 5 cfm mechanical pump, a 
1500 liter/sec d i f f u s i o n  pump, d ry  p a s s  l i q u i d  n i t rogen  t r a p ,  
and an 18" diameter x 30" high chamber. The u l t i m a t e  p re s su re  
of t h e  system c l ean ,  d ry  and empty i s  less than  1 x tor r .  
I n  t h e  first tests 500 micron aluminum oxide w a s  used, A 
photomicrograph of t h e  ma te r i a l  i s  ind ica t ed  i n  Fig. 2,  The 
par t ic le  s i z e  cons i s t ed  of an approximate Guassian 
d i s t r i b u t i o n  of p a r t i c l e  s i z e s  centered  on 500 microns w i t h  a 
s tandard  dev ia t ion  of approximately 130 microns. 
T h e  second set  of tests w e r e  performed wi th  a 5 micron 
aluminum oxide " s o i l "  supplied by NASA Langley Research Center,  
MECHANICAL EFFECTS 
I n  t h i s  series of tests t h e  above system was modified i n  
t w o  respects. A p l a t e  w a s  placed between t h e  chamber and the 
l i q u i d  n i t rogen  trap t o  minimize c leaning  t h a t  m i g h t  be 
requi red  a s  a r e s u l t  of a sample erupt ion .  
large mechanical pump (15 c f m )  w a s  connected t o  t h e  chamber 
f o r  high speed pumpdown. 
Fig. 3. 
I n  add i t ion  a 
A t y p i c a l  pumpdown i s  ind ica t ed  i n  
I n  add i t ion  a gauge was used t o  measure the p res su re  
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a t  t h e  bottom of t h e  bed. A bousdm gauge w a s  w e d  f3r t h i s  
purpose. I n  a l l  c a s e s ,  t h e  p re s su re  d i f f e r e n t i a l  between 
the bed su r face  p re s su re  and t h e  p re s su re  a t  t h e  bottom of 
the bed was zero  psi. A pressure d i f f e r e n c e  of approximately 
1/4 t o  1/2 ps i  could have been detected.  This  w a s  t r u e  i n  
the case of t h e  500 micron and of t h e  5 micron soi ls .  
Movies w e r e  takeil a t  a speed sf 16 frames per second 
on 16mm black  and white  film t o  show t h e  e f f e c t s  of pumpdown 
on t h e  so i l .  The p res su res  a t  t h e  bottom of t h e  bed and i n  
t h e  chamber a r e  shown i n  t h e  movies. Pressure time d a t a  can 
be obtained from t h e  f i l m  bu t  i n  no case  d id  it d i f f e r  
s u b s t a n t i a l l y  f r o m  that  shown i n  Fig. 3.  Approximately 
1 2  f t  /min pumping speed was a v a i l a b l e  for  evacuating t h e  
chamber. 
3 
The fol lowing size con ta ine r s  w e r e  used t o  eva lua te  t h e  
mechanical e f f e c t s  on t h e  soil :  
D i a m e t e r  i n  Inches 
9.8 
12.4 
13.4 
14.7 
15.6 
16.9 
16.9 
Bed Lenqth i n  Inches 
4.9 
6.2 
5.4 
4.4 
7.8 
3.4 
8.4 
Loosely packed o r  tamped s o i l  r e s u l t e d  i n  an approximate 
.5 t h e o r e t i c a l  d e n s i t y  of mater ia l .  
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MOI STUN3 EFFECTS 
The se tup  a s  shown i n  F i g .  1 was used t o  determine t h e  
The outgass ing  rate of t h e  so i l  a t  var ious  w a t e r  loadings.  
p la te  sepa ra t ing  t h e  l i q u i d  n i t rogen  trap from t h e  chamber 
w a s  removed t o  permit complete system opera t ion ,  
5 cfm pump w a s  used fo r  backing t h e  d i f f u s i o n  pump and 
roughing t h e  chamber. The evacuation of t h e  chamber was 
done automatical ly  r e s u l t i n g  i n  t h e  l i q u i d  n i t rogen  t r a p  
becoming co ld  (100' K or l o w e r )  w i th in  2 minutes a f t e r  
s t a r t u p .  
A small 
Pumping speeds of t h e  system a r e  tabula ted :  
- G a s  Speed Pressure  Ranqe 
760 t o  -76 torr  A i r  2 l i t e r / second 
6 l i t e r / second i n  the  
case  of t h e  l a r g e  pump 
,0076 t o  torr  A i r  540 l i te r / second 
1 t o  t o r r  Water Vapor 2700 l i t e r / second 
Fig.  6 i n d i c a t e s  t h e  estimated pumping speed (on the r igh t  
hand o rd ina te )  as a funct ion of t i m e .  
The d a t a  for  t h e  outgassing r a t e  a s  a func t ion  of time is  
i n d i c a t e d  on Figs. 4 and 5, Fig. 4 i n d i c a t e s  t h e  d i f f e r e n c e  
between t h e  outgassing r a t e  a s  a func t ion  of t h e  f o r  500 micron 
s o i l  i n  t h e  "as received" condi t ion and after adding 1% water  
t o  t h e  sample, 
condi t ion ,  One i n d i c a t e s  outgassing r a t e  a s  a func t ion  of time 
f o r  t h e  s o i l  i n  t h e  16.9'' diameter conta iner .  T h e  16.9" 
diameter conta iner  was r e s t i n g  on t h e  i n s i d e  w a l l s  of t h e  18" 
diameter chamber and, t h e r e f o r e ,  w a s  i n s u l a t e d  rather w e l l  
f r o m  rece iv ing  heat .  I n  t h e  other run ,  t h e  s o i l  w a s  placed 
There are t w o  runs  for  t h e  1% water-loaded 
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i n  t h e  bot.tom of t h e  chamber. 
environment could be r e a d i l y  absorbed. Therefore,  t h e  
temperature of t h e  " insu la ted"  s o i l  was pro3ably l o w e r  dile 
t o  evaporat ive cool ing  r e s u l t i n g  i n  a l o w e r  b u t  longer term 
outgass ing  rate, Apparently, f r o m  t h e  ind ica t ed  d a t a ,  most 
of t h e  w a t e r  f r o m  t h e  "non-insulated" sample had a l ready  
been removed and the outgassing r a t e  i s  decreasing f a s t e r  
than  t h e  " insu la t ed"  sample. 
Heat f r o m  the surrounding 
Fig. 5 i n d i c a t e s  t h e  outgassing r a t e  a s  a func t ion  of 
time for  t h e  5 micron s o i l .  
Mass spectrums indica ted  g r e a t e r  than 90% water  vapor 
a t  a p re s su re  of 1 x t o r r  as the  outgassing specie. 
DISCUSSION OF ERUPTION 
N o  su r face  motion w a s  de tec ted  i n  any of t h e  runs except 
i n  t h e  5 micron s o i l  loaded wi th  -5% water  vapor. I n  t h i s  
case a very v i o l e n t  e rupt ion  took place.  P i c t u r e s  of the s o i l  
a f t e r  t h e  e rupt ion  a r e  ind ica ted  i n  Figs .  7 ,  8 and 9. Fig.  8 
i s  a closeup of t h e  a rea  i n  Fig.  7. Blowholes can be seen 
q u i t e  c l e a r l y  i n  t h e  base  of the  crater. 
of t h e  e rupt ion  on t h e  chamber s i d e  wal l s .  T h i s  occurred a f t e r  
seven minutes of pumping. F i g .  6 i n d i c a t e s  t h e  pressure t o  be 
approximately 1 torr  a t  the t i m e  of the erupt ion .  
p a r t i a l  p re s su re  a t  the time was extremely l o w .  
F i g .  9 shows the p a t t e r n  
The a i r  
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The system pumping speed for t h e  gases present i n  the 
chamber is 2 liter/sec from 760 torr to 1 torr. At this 
point the LE2 trap is cold: in addition the gas composition 
in the chamber changes from predominately air to predcminately 
water vapor, This means in the range 1 to 10 torr, the system 
speed changes drastically f r o m  2 liter/sec for air to 2700 
liter/sec for water vapor. At this point, the system pressure 
is still in the continuum range and has the high pumping speed 
of 2700 fiter/sec Violent boiling or "aggregative fluidization" 
took place in j u s t  this range. 
RECOMMENDATIONS 
As a result of the above experiments several recommendations 
can be made: 
1. Eruptions of the soil appear to be associated with 
water vapor pumping speed and the water loading of 
the soil. To avoid eruptions the soil must contain 
less than -1% water vapor, 
2. The outgassing products from the 'soil consist of 
more than 90% water vapor, Therefore, to achieve 
low pressures, large pumping speeds for water vapor 
are necessary. 
torr liter/sec-in2 for the 5 micron soil, 7.9 
torr liter/sec-in* for the 500 micron material was 
measured after 24 hours of pumping for the "as 
received" material. 
An outgassing rate of 3 . 6  ( lom5)  
PHOTOGRAPH OF TEST EQUIPMENT Fig. 1 
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Typical Pressure T h e  Data for Evaluation 
of Mechanical Effects, 
18" Diameter x 24" Chamber 
Nominal 15 cfm Pump - Actual 
Speed 12 cfm 
Pressure Pressure-Time 
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